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Question Answer Marks 

3(a) same temperature B1 

 no net transfer of thermal energy (between them) B1 

3(b)(i) density B1 

3(b)(ii) Any two points from: 
  
• large response time / large time to reach equilibrium 
 or 
 cannot measure rapidly changing temperatures 
  
• reaching equilibrium requires (significant) transfer of energy 
 or 
 changes temperature of environment being measured 
 or 

cannot measure temperature of small objects 
  
• bulky / difficult to set up 

or 
difficult to take readings / scale not calibrated to read temperature 
or 
cannot measure temperature of solid objects  

B2 

3(b)(iii) substance with large mass 
or 
temperature that is constant (over time) 
or 
to calibrate other thermometers (in a laboratory) 

B1 
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Question Answer Marks 

3(b)(iv) 0 °C = 273 K C1 

 T = 273  (7.83 – 2.31) / (8.69 – 2.31) 
 
  ( = 236 K) 

C1 
 

   = 236 – 273 
 
 = – 37 °C  

A1 

 

Question Answer Marks 

4(a) change in internal energy = work done + energy transfer by heating C1 

 increase in internal energy = work done on system + energy transferred to the system by heating A1 

4(b)(i) U = (3 / 2) pV A1 

4(b)(ii) pV = NkT and k identified as Boltzmann constant B1 

 U = (3 / 2) NkT  A1 

4(c)(i) W = (+)8XY A1 

4(c)(ii) W = –20XY A1 

4(d) work done during stages BC and DA = 0 B1 

 change in internal energy (over complete cycle) = 0 C1 

 thermal energy supplied = 20XY – 8XY 
 
 = (+)12XY 

A1 
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Question 3

(a)  The meaning of the term thermal equilibrium was generally well understood. It is important for
candidates to understand that the temperatures of two objects do not need to be constant for them
to be in thermal equilibrium; they simply need to be equal to each other.

(b) (i)  Most candidates were able to draw on their knowledge of hydrostatic pressure from AS Level to
realise that the quantity needed was the density of the liquid.

(ii) Many candidates did not appreciate the significance of the information in the question, that the
system needs to reach equilibrium before the measurement can be made.

(iii)  Candidates found this question difficult. This question effectively built on the understanding tested
in (b)(ii), with the idea that a constant volume gas thermometer could be used to measure
temperatures that are not rapidly changing or temperatures of fluids with large mass (or heat
capacity).

(iv)  Stronger candidates tended to have little difficulty in establishing the correct answer to this

question. Many candidates overlooked the information in the question, that the value of h is
proportional to the thermodynamic  temperature of the gas, and attempted to work through the

question with the temperature left in C.

Question 4

(a) Many candidates were able to give a partially correct answer, but fully correct statements of the
first law were only given by the strongest candidates.

(b) (i)  Only the strongest candidates were able to conclude, when comparing Fig. 4.1 and Fig. 4.2, that
the internal energy at each of the stages A, B, C and D is given by U  = (3/2) pV .

(ii) Some candidates deduced the correct equation U  = (3/2)NkT . Many of these did so from
knowledge of the mean kinetic energy of a molecule as (3/2)kT  and the definition of internal energy
for an ideal gas. Partial credit was available for this approach. For full credit, candidates needed to
show how this equation follows from the answer in (b)(i).

(c) (i)  Many candidates obtained the correct answer for this question using the knowledge that work done
is equal to the product of pressure and change in volume. Some candidates who were using the
correct starting equation stopped short of completing the algebra, and others had the wrong sign
for the answer.

(ii)  The most common mistake in this question was to not realise that the work done on the gas in
stage CD must be negative.

(d)  Many of the weaker candidates were confused between the concepts of internal energy and
transfer of thermal energy, and thought that the net transfer of thermal energy over a complete
cycle must be zero. Stronger candidates were generally able to apply the fact that the internal
energy returns to its original value and to deduce at least the correct magnitude for the transfer of
thermal energy. Again, there were some difficulties over the sign of the answer. For full credit,
candidates needed to explain that the work done on the gas during stages BD and DA is zero, but
many omitted this part of the explanation.

Question 5

(a) (i)  Many candidates gave a statement of the characteristic properties of simple harmonic motion
without answering the question that asked how the graph demonstrates these properties.

(ii)  This question was generally well answered, with full credit awarded to many candidates.

(b) (i)  The meaning of damping was generally well known.

(ii) Many candidates began their graphs at the correct starting point, but many candidates drew curves
for light damping rather than heavy damping.
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1(d)(iii) a0 = 2x0 C1 

  = 1.92  0.23 

 

 = 0.83 m s–2 

A1 

1(e) shadow on screen, labelled A, above left-hand edge of the circular path B1 

 

Question Answer Marks 

2(a) work done on / by system B1 

 thermal energy supplied to / removed from system B1 

2(b)(i) no thermal energy transferred to / from system (due to lack of time) B1 

 work is done on the gas to compress it / to decrease its volume B1 

 internal energy increases so temperature increases B1 

2(b)(ii) (during vaporisation) molecular separation increases B1 

 (heating causes) potential energy of molecules to increase B1 

 kinetic energy of molecules unchanged so temperature unchanged B1 
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Comments on specific questions

Question 1

(a) Most candidates appreciated that velocity and acceleration were always perpendicular to each
other in circular motion. A smaller number of candidates appreciated that the magnitude of the
velocity (speed) was constant. It was rarely written that the magnitude of the acceleration was also
constant.

(b) (i)  This question was generally answered correctly.

(ii)  Most candidates understood the relationship between acceleration and either angular or linear
velocity. Some candidates did not identify that the question required a relationship to be given that
included all three of those quantities. 

(c) (i)  Most candidates recognised that a sine term needed to be used in the expression.

(ii)  This question was generally answered correctly.

(iii) This ‘show that’ question required candidates to include both equations from the two earlier parts of
(c) before they made the substitution to match the given answer.

(iv) Many candidates ignored the requirement to refer to the given equation in (c)(iii). Instead, correct
relationships were often given between acceleration and displacement. Such answers were not
able to gain credit as they did not answer the question that was asked.

(d) (i) This question was generally answered correctly, with most candidates understanding what is
meant by amplitude.

(ii)  Most candidates knew the relationship between angular frequency/velocity and period.  

(iii) Successful responses made clear that the acceleration and displacement were the maximum
values, by the inclusion of a subscript (a0, x 0) in the equation used.

(e) This question considered the movement of the shadow on the screen. Only the strongest
candidates appreciated that drawing the shadow as a whole gave a greater opportunity to correctly
identify the position of maximum positive acceleration. A significant minority of candidates did not
follow the instruction in the question to label the shadow with the letter ‘A’. Stronger candidates
appreciated that the maximum positive acceleration would occur at the extreme left-hand edge of
the movement of the shadow.

Question 2

(a) Stronger candidates clearly described the context of a system or gas, and were able to identify that  
work being done or thermal energy being added or removed would change the internal energy of
that system. A significant number of candidates mistakenly appeared to believe that changes of
work or changes of thermal energy were required to change the internal energy.

(b) (i)  Some candidates did not mention a system or gas, making their descriptions inaccurate. Stronger
candidates understood that the change was too quick to allow thermal energy to be involved.
Weaker answers confused thermal energy with internal energy or temperature.

(ii)  Many answers did not refer to molecular energies directly. Descriptions of bonds being broken
were common, but stronger candidates explained that both molecular separation and molecular
potential energy increased. The link between molecular kinetic energy and temperature was
generally well understood.

Question 3

(a) In general, the ratio of force per unit mass was clearly expressed.
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Question Answer Marks 

4(a)(i) temperature = –273.15 °C A1 

4(a)(ii) temperature = 0 K A1 

4(b)(i) gas is ideal B1 

4(b)(ii) pV = NkT C1 

 N = 270 / (8.0  10–21) 

 

 = 3.4  1022 

A1 

4(b)(iii) n = (3.4  1022) / (6.02  1023) 

 

 = 0.056 mol 

A1 

4(c) ½ m<c2> = (3 / 2) kT  C1 

 ½  m  19002 = 1.5  8.0  10–21 

 

(m = 6.65  10–27 kg) 

C1 

 m = (6.65  10–27) / (1.66  10–27) C1 

  = 4.0 u A1 
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(b) (i)  The word ‘derive’ in the question implied a starting point of the expression for gravitational force
due to a point mass. Stronger candidates correctly combined this with their answer in (a), and also
identified the gravitational constant symbol. 

(ii)  The drawing of the gravitational field direction on Fig. 3.1 was improved by the use of a ruler to
ensure that the field direction extrapolated through both the test mass at P and mass M . Where
lines were inaccurately drawn, this prevented candidates from gaining credit. Weaker answers
mistakenly considered the gravitational field of the test mass at P.

(iii)  The majority of the candidates understood the inverse-square nature of the gravitational field and
were able to deduce the factor of four as being the difference between the fields at P and Q.
Stronger candidates also identified that the fields were in opposite directions.

(c) In general, the graph was well drawn. Credit could be gained for showing the correct start and end
points, the correct point at which the field strength was zero, and the increasing steepness of the
curve away from the midpoint. Candidates who used a pencil, and could therefore adjust their
sketch where it was inaccurate, were at an advantage.

Question 4

(a) Weaker candidates confused the temperature scales in (i) and (ii), reversing their answers. Some
candidates incorrectly rounded their answer in (i) to a whole number.

(b) (i)  Candidates were generally able to identify the gas as being an ideal gas. Weaker answers simply
gave an expression in symbols without indicating anything about the nature of the gas.  

(ii) This question was well answered.

(iii) This question was well answered, with candidates generally using the correct expression, then
showing their working in full before expressing their answer to the correct number of significant
figures. 

(c)  Stronger candidates laid out their working clearly, appreciating that an answer in kilograms
required conversion to atomic mass units. The final answer was not exactly 4 u, so two significant
figures were required. Weaker candidates often did not recognise that an r.m.s. speed was given,
which needed to be squared to obtain the mean-square speed. Some candidates were incorrect in
the way they expressed the mean-square speed in symbol form, creating an incorrect meaning to
their expression.

Question 5

(a) Most candidates had some recall of the definition. Where full credit was not awarded, this was
usually due to one of two omissions, either not making the ratio clear or not clarifying that the
charge being moved from infinity was positive.

(b) (i)  This ‘show that’ question required the working to be clearly set out , showing the addition of the two
contributory potentials. Stronger candidates clearly showed all the values used and the sign of
those contributory potentials. 

(ii)  Most candidates were able to successively replicate their method from (i) to the new situation.
Some weaker candidates did not realise that the distances to both charges would change, or only
considered one charge.

(iii)  Many candidates were able to position the cross correctly.

(iv)  Credit could be gained for identifying the key elements of a correct start and end point, an
increasing steepness of the curve away from the midpoint where there was a sign change, and the
correct plotting of a potential at 30  pm and 90 pm. Candidates who used a pencil, and could
therefore adjust their sketch where it was inaccurate, were at an advantage.

Question 6
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Question Answer Marks 

2(a) same temperature (as each other) B1 

no net transfer of thermal energy (between them) B1 

2(b)(i) E1 = XL B1 

2(b)(ii) E2 = Mc(t – ) A1 

2(b)(iii) E3 = Xc B1 

2(c) E2 = E1 + E3 C1 

Mc(t – ) = XL + Xc 
and 

completion of algebra to reach  = (Mct – XL) / c(M + X) 

A1 
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Comments on specific questions

Question 1

(a) Most candidates correctly provided the correct ratio of force per unit mass. A significant number
described qualitatively a general region in which a gravitational force occurs, which is not a
definition. Some candidates gave both of these descriptions.

(b) (i)  More candidates were able to give the correct direction of the gravitational field lines than the
correct pattern.

(ii)  Candidates usually used appropriate wording to compare the small change in vertical height with
the radius of the planet. Stronger candidates understood that the field lines were approximately (or
could be assumed to be) parallel. Weaker candidates often thought that the planet mass was the
relevant quantity to compare with, rather than the planet radius. The minimal impact of squaring the
two distances was rarely mentioned.

(c) (i)  A high proportion of candidates correctly read the question and gave their answer to exactly three
significant figures.

(ii)  In addition to the need to express their answer to at least three significant figures to match that of
the given data, stronger candidates also appreciated that the gravitational potential had a negative
value.

(d) Most candidates understood the importance of infinity as a reference point for gravitational
potential. Fewer candidates appreciated that any mention of ‘work done’ required them to say what
was doing the work, and in what direction the masses were moving relative to each other.

Question 2

(a)  This question was generally well answered. Where candidates were unable to achieve full credit, it
was usually because of an essential missing word in their description, such as ‘net transfer’  or
‘thermal’ (energy). 

(b) Most candidates correctly answered all three parts of this question. The most difficult part was (ii) 
because the question asked for the energy lost  by the water, requiring a positive answer.

(c) This ‘show that’ question required candidates to begin their answer by equating the three energy
changes from (b). Stronger candidates did so before rearranging their equation. Attempts to work
backwards from the given equation did not meet the requirements of the question.

Question 3

(a)  This question was generally well answered. Many weaker candidates did not identify the
temperature used in the relationship as being thermodynamic temperature.

(b) (i)  Stronger candidates ensured that the correct symbol 〈c 2〉 was used throughout their answer.

Weaker candidates did not use 〈c 2〉 for root-mean-square speed or used it incorrectly. Many
candidates showed confusion over mass and density, believing the density was the mass of one
molecule divided by the volume of the gas.

(ii)  The use of the ideal gas equation pV = NkT  to form an equation involving molecular kinetic energy
illustrated a better understanding in general than the relationships tested in (i). More candidates
achieved full credit here than in (i).

(c) The calculation of the internal energy was the part of this question that was most successfully
answered, and there were also many candidates who a gave good explanation of the reason for
ignoring molecular potential energy in their calculations. Weaker candidates often confused the
number of moles with the number of molecules. 
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Question Answer Marks 

2(c)(ii) Any three bulleted points from: 

 

• strongest at the poles 

• weakest near the Equator 
 

Up to two points from: 

• perpendicular to surface at the poles 

• parallel to the surface near the Equator 

• angle to surface increases from Equator to poles 

B3 

   

Question Answer Marks 

3(a) (thermal) energy per unit mass (to cause temperature change) B1 

 (thermal) energy per unit change in temperature B1 

3(b)(i) density = mass / volume C1 

 mass = 2.700 × 103 × 3.612 × 10–3 

 

              = 9.752 kg 

A1 

3(b)(ii) volume = 3.612 × 10–3 × (2.700 / 2.620) = 3.722 × 10–3 m3 

 
or 
 
volume = 9.752 / (2.620 × 103) = 3.722 × 10–3 m3

 

A1 
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Question Answer Marks 

3(b)(iii) W = pV C1 

  = 1.01 × 105 × (3.722 – 3.612) × 10–3 

 

   = 11.1 J 

A1 

3(b)(iv) volume (of block) increases B1 

 work is done against the atmosphere so work done (on block) is negative B1 

3(b)(v) thermal energy = (4.38 × 106) + 11.1 B1 

 specific heat capacity = (4.38 × 106) / (9.75 × 500) C1 

                 = 898 J kg–1 °C–1 A1 

3(c) work done is negligible compared with (change in) internal energy so (answer in (b)(v) would be) unchanged B1 
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Only the strongest candidates addressed the issue of direction, but many were able to achieve
partial credit by observing that the magnitude of the Earth’s magnetic field is strongest at the poles
and weakest at the Equator. As with (c)(ii), some candidates discussed the variation with altitude
above the surface rather than variation around the surface.

Question 3

(a)  Many candidates defined a quantity that is an energy (often mixing up units with the definition of
the quantity), but candidates that gave a dimensionally correct definition of specific heat capacity
were usually able to achieve full credit.

(b) (i)  This question was generally well answered, though a significant minority of candidates gave an
answer to only two significant figures when the data justified four significant figures.

(ii)  There were two possible approaches to answering this question, one that used only the primary
data in the question, and the other that used the answer in (b)(i). Candidates choosing the latter
route needed to appreciate that the volume to be shown was to four significant figures, and that
therefore to correctly ‘show’ this volume, the mass used also had to be given to at least four
significant figures.

(iii)  This question was generally well answered. Of candidates that knew the correct starting equation,
the main reasons for not achieving full credit were either substituting a volume rather than the
change in volume, or giving the answer to fewer significant figures than justified by the data in the
question.

(iv)  Many candidates had the right idea, but there was much confusion between the block, the gas
involved (which is the atmosphere), and the ‘system’ (which is both the block and the atmosphere).

(v)  Achieving full credit in this question required evidence of correct application of the first law of
thermodynamics, correct substitution of data, an answer calculated to the correct number of
significant figures, and an answer given with correct unit. Many candidates achieved full credit, but
many others did not meet one or more of these requirements. It is particularly worth noting that
some candidates were confused between degrees Celsius and coulombs as the unit of
temperature change.

(c) This question discriminated well amongst stronger candidates. Candidates were required to
observe that, since the work done (whether doubled or not) is negligible compared with the
increase in internal energy, the three significant figure value for specific heat capacity asked for in
(b)(v) will be unaffected by the pressure change.

Question 4

(a) (i)  Most candidates were able to identify the meaning of T  as thermodynamic or absolute temperature.

(ii)  Many candidates were able to correctly deduce the meaning of B as the molar gas constant in this
question. Common misconceptions were that B represented either the Boltzmann constant or
magnetic flux density.

(b) (i)  Some candidates were confused in this part over whether they were dealing with a single molecule

or all the molecules. The symbol m had to be identified as the mass of a single molecule, and 〈c 2〉 
as the mean-square speed of all the molecules.

(ii)  This question was generally well answered, although some candidates converted the question in
their minds into the derivation of E K = (3/2)kT  without substituting back for the expression in terms
of  A and B.

(c)  Most responses seen warranted at least partial credit. Straight lines or curves curving the wrong
way were usually the reasons for not achieving full credit.
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Question Answer Marks 

3(a) (thermal) energy per unit mass (to cause state change) B1 

 (thermal) energy to change state at constant temperature B1 

3(b) (for vaporisation): 

involves greater change in volume (of substance) 

or 

involves greater increase in separation of molecules 

B1 

 more work has to be done by molecules (to separate) 

or 

greater increase in potential energy of molecules 

M1 

 kinetic energy of molecules unchanged, so more thermal energy needed A1 

3(c) Q = mc  and  Q = mL C1 

  for the water = 26.4 – 10.3 C1 

 (37.0 × L) + (37.0 × 4.18 × 10.3) = (208 × 4.18 × 16.1) C1 

 L = 335 J g–1 A1 
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Comments on specific questions

Question 1

(a) Most candidates gave a correct definition of gravitational potential. Some candidates’ responses
did not make the ratio work done per unit mass clear or specified a unit of mass as part of their
definition, and so were not able to gain full credit.

(b) (i)  A common mistake was to equate the change in gravitational potential with the potential energy in
the higher orbit (omitting the potential energy in the lower orbit). This resulted in the same
numerical value for the mass of Mars but only earned partial credit.  

(ii)  Most candidates were awarded credit for the correct substitution of values into the correct equation.
Many candidates were not awarded full credit because they omitted the minus sign or had an
incorrect unit.

(c) (i)  Most candidates were awarded credit for this question. Some weaker candidates confused rotation
with orbit. 

(ii)  Common answers which did not earn credit described the orbit as geostationary (which describes
an orbit around Earth) or as ‘on’ the equator of Mars rather than above it.

Question 2

(a) Generally, this question was answered well and most candidates earned full credit. A few
candidates referred to ‘indirect’ rather than ‘inverse’ proportion regarding the distance of separation
squared or omitted the word ‘squared’. 

(b) (i)  The most common error was to respond with a value in coulomb rather than in terms of the
elementary charge, but most candidates were awarded credit. 

(ii)   As always with a ‘show that’ question, marks are not awarded only for the answer, but for showing
the working that leads to the answer. The common reason for credit not being awarded was not

showing the full substitution by not substituting values for e and/or  0.

(c) (i)  Most candidates used the correct starting equation for centripetal force and correctly calculated the
speed. Some candidates were not familiar with the power of ten indicated by the prefix ‘p’ for pico. 

(ii)  Again, most candidates used the correct starting equation or equations and earned full credit.

(d) (i)  Although many stronger candidates earned full credit, a significant number approached the
question with the correct method but did not reach the correct answer for reasons including the
omission of one or both of the differences in charge and radius.  

(ii)  A common incorrect answer was that the radius of the orbit would change, but the question gave a
constant value for the orbital radius. Stronger candidates correctly explained that the change in
resultant force would result in a lower speed or longer period.

Question 3

(a) The definition of specific latent heat was generally well known, although some candidates did not
include the detail that the temperature remains constant to earn full credit.

(b)  A comparison of the change in volume or molecular separation and the corresponding change in
potential energy of the molecules between vaporisation and fusion was rarely explained well by
candidates. Incorrect explanations involving breaking bonds between molecules were common.
Very few candidates who had an explanation in terms of volume and potential energy change
referred to the kinetic energy of molecules being unchanged.

(c) Most candidates identified the correct equations for heat transfer during temperature change and
during state change. However, many candidates did not consider the three processes involved
(one state change and two temperature changes). The strongest candidates earned full credit.
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Question Answer Marks 

2(c) straight line with non-zero gradient from 0 to d B1 

 line with negative gradient from (0, V) to (d, 0) B1 

   

Question Answer Marks 

3(a)(i) (P and Q are at the) same temperature B1 

 no net transfer of thermal energy (between P and Q) B1 

3(a)(ii) Q = mcT C1 

 24  103 = (0.54  390  T) + (0.37  910  T) C1 

 T = 44 K A1 

3(b)(i) work done = pV C1 

  = (1.6  105)  (0.18 – 0.32) C1 

  = –2.2  104 J A1 

3(b)(ii) pV = NkT C1 

 N = (1.6  105  0.18) / (1.38  10–23  273) 

 = 7.6  1024 

A1 

3(b)(iii) ½m<c2> = (3 / 2)kT C1 

 r.m.s. speed = √[(3  1.38  10–23  (210 + 273) / (4.7  10–26)] 
 
 = 650 m s–1 

A1 
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General comments 
 
The question paper contained questions of a variety of levels of difficulty, enabling candidates at different 
levels of ability to demonstrate their knowledge and understanding of the subject. Candidates who knew the 
theory, read the questions carefully, took care over their use of technical language and answered the 
questions asked were able to perform well. 
 
There was no evidence that candidates who were properly prepared for the examination had insufficient time 
in which to complete the paper. Candidates should be advised that a response should always be attempted, 
because where there is a response examiners may find opportunities to award credit. 
 
Comments on specific questions 
 
Question 1 
 
(a)  A large proportion of candidates thought that centripetal force was one of the two forces acting on 

the sphere. Correct force diagrams were only seen from a small number of candidates. Some 
candidates drew diagrams that included more than two forces. 

 
(b)  Many candidates answered a different question from the one asked here. The question here was to 

explain how the two forces acting on the sphere result in the acceleration of the sphere being 
centripetal. Examiners were expecting to see discussion of horizontal and vertical components of 
the normal contact force, that the vertical component balances the weight and that the horizontal 
component is therefore effectively the resultant force that acts towards the centre of the circle.  
Most responses seen made no reference to the two forces acting at all. 

 
(c)  The general equation for acceleration in terms of speed and radius was generally well known. 

Candidates found it more difficult to use the trigonometry involved in getting to the magnitude of the 
resultant force from the weight of the sphere. 

 
(d)  This was the most successfully answered part of Question 1, with many candidates obtaining the 

correct answer. 
 
(e)  A very common misconception was that the angular frequency must remain unchanged, leading to 

direct proportionality between speed and radius. The candidates who fully appreciated the force 
analysis of the earlier parts of the question realised that the resultant force, and hence centripetal 
acceleration, cannot change, and thus the correct relationship is that radius is proportional to the 
square of speed. 

 
Question 2 
 
(a)  Candidates who knew the inverse relationship, understood that gravitational potential is always 

negative, and took care over their diagrams, were generally able to achieve the marks. 
 
(b)  Many candidates realised that, at a constant distance from the Earth’s surface, the gravitational 

potential must be constant. 
 
(c)  This question required candidates to realise two things.  One, that the potential is zero at the 

earthed plate and +V at the upper plate. Two, that the electric field between parallel plates is 
uniform. Candidates who realised both aspects, and took care over the start and end points of their 
line, were generally able to achieve the marks. 

 
Question 3 
 
(a) (i) Generally well answered by the stronger candidates.  However, several misconceptions are worth 

highlighting. Firstly, many candidates appeared to think that ‘constant temperature’ and ‘equal 
temperatures’ mean the same thing. Secondly, many candidates confused internal energy and 
thermal energy and gave answers that were contradictory. 

 
 (ii) Most candidates knew the general equation for specific heat capacity and were therefore able to 

achieve the first ‘working’ mark. However, only the strongest candidates correctly analysed the 
energy transfers involved to arrive at the correct answer. 
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(b) (i) Many candidates correctly used the equation for work done on a gas when changing volume at 
constant temperature. However, only the strongest candidates realised that, because the gas is 
expanding, the work done on the gas must be negative. 

 
 (ii) Generally well-answered. However, one misconception that was common in a minority of 

candidates, warrants mention. Having correctly stated the starting equation pV = NkT, some 
candidates substituted the change in volume from part (b)(i) as the value of V. 

 
 (iii) Generally well-answered by the stronger candidates. The common confusion among weaker 

candidates was the difference between r.m.s. speed and mean-square speed. Many candidates 
stopped at the mean-square speed and gave this as their answer to the r.m.s. speed. 

 
Question 4 
 
(a)  Generally well-answered. 
 
(b)  This question was well-answered by the candidates who knew the starting equation. 
 
(c)  Many candidates knew the correct equation for total energy, though various errors were seen in its 

use. These ranged from power-of-ten errors to forgetting which quantities needed to be squared. A 
common error from some of the weaker candidates was to use the maximum acceleration value 
from the previous part as the amplitude. 

 
(d) (i) Examiners expected to see reference to an alternating voltage applied across the crystal, making it 

alternately expand and contract. Many candidates confused the concepts of a voltage being 
applied (to cause distortion of the crystal) with a voltage being induced in the crystal by mechanical 
vibrations. Some candidates confused voltage with current. 

 
 (ii) Well-answered by many candidates, with full credit being common. Many other candidates 

calculated the percentage reflected and stopped short of using that value to determine the 
percentage transmitted.  

 
Question 5 
 
(a)  Many candidates were able to correctly reproduce this textbook derivation required by the syllabus. 

Some, however, were not able to establish the key principles of physics as the starting point (how 
the p.d.s and charges relate to each other in a series circuit). 

 
(b)  Many candidates did not show clarity of presentation in this question, with many conflicting 

expressions alleged to all be expressions for ‘C’. Examiners needed to see a clear expression for 
the total capacitance in terms of C, and a clear statement that the total capacitance is given by the 
gradient of the Q-V graph. Some benefit of doubt was given to candidates who started incorrectly 
but then subsequently arrived at correct physics. 

 
(c) (i) Most candidates knew the equation for time constant, but many then incorrectly substituted 44 μF 

as the capacitance of the circuit. As a result, 2.4 s was a very common incorrect answer. It was 
also notable that a significant number of candidates appeared to not know that time constant is a 
time and therefore struggled with indicating the correct unit. 

 
 (ii) Generally well-answered by candidates that had a good understanding of the topic of capacitor 

discharge. Full credit by the error-carried-forward principle was common for candidates that worked 
through with their 2.4 s time constant from part (c)(i). 

 
Question 6 
 
(a)  Many candidates reproduced the algebra involved in this syllabus derivation correctly. However, 

only a minority established the core physics behind the derivation as a starting point, the equality 
between the magnitudes of the electric and magnetic forces. 

 
(b)  This question was generally well-answered, with many candidates successfully calculating the 

correct answer. 
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Question Answer Marks 

3(a) (thermal) energy per unit mass (to cause change of state) B1 

 (thermal) energy to change state at constant temperature B1 

3(b)(i) W = pV  C1 

  = 1.0  105  0.017 = 1700 J = 1.7 kJ A1 

3(b)(ii) U = Q + W C1 

 Q = 17.6 + 1.7 
 
 = 19.3 kJ 

A1 

3(b)(iii) mass = 710  7.2  10–5 

 

         ( = 0.051 kg) 

C1 

 L = 19.3 / 0.051 
 
 = 380 kJ kg–1 

A1 

3(c) fusion involves (much) smaller volume change (than vaporisation) B1 

 smaller change in intermolecular spacing so smaller change in internal energy B1 

 negligible work done (by substance during fusion) so LF is less (than LV) B1 
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with the powers of ten in those values from the graph, or forgetting that luminosity is a power and
giving the answer with an incorrect unit.

(iii) Many candidates answered correctly. Some struggled with the use of the Stefan –Boltzmann law,
with use of the permittivity of free space for the Stefan –Boltzmann constant not unusual, and
various arithmetic errors such as forgetting to raise the temperature to the power 4 or forgetting to
take the square root of r 2 at the end. Some weaker candidates attempted to use the radiant flux
intensity formula.

Question 3

(a)  Full credit for this question was rare, indicating that the definition of specific latent heat is not well
known by candidates. Many definitions seen were dimensionally incorrect, defining specific latent
heat as an energy rather than as thermal energy per unit mass. The aspect that it is to do with
energy needed to change state at constant temperature was more successfully articulated.

(b) (i)  This question was generally well answered, with the majority of candidates achieving full credit.

(ii)  Most candidates realised the need to apply the first law of thermodynamics, but were then unable
to arrive at the correct answer because they did not appreciate that the gas is doing work and so
the work done on the gas is negative.

(iii) Full credit by error carried forward from the answer to (b)(ii) was common. Weaker candidates
found it difficult to work out the mass of the substance, with use of the volume of the gas with the
density of the liquid being the common incorrect starting point.

(c)  Only the strongest candidates were able to give a response to this question that went beyond
IGCSE level physics. These stronger candidates were able to discuss the three terms involved in
the first law and how they differ between the processes of fusion and vaporisation.

Question 4

(a)  Candidates who knew their ‘bookwork’ were generally able to correctly state three of the
assumptions of the kinetic theory. Weaker candidates often gave responses in terms of ‘gases’ 
rather than the molecules that make up the gas. A common misconception was that the
assumption dealing with the negligible volume of the molecules related to a single molecule rather
than to all of the molecules in the gas.

(b)  Many candidates answered a different question from the one asked, and discussed why pressure
increases with temperature. Of the candidates that did address the question asked, most observed
that there are molecular collisions with the walls of the container, but only the strongest candidates
discussed the application of Newton’s laws to those collisions to explain the orig in of the force on
the walls.

(c)  Many candidates offered descriptions of the graphs rather than drew conclusions about the gases
and their samples. Responses that treated quantities that vary as if they were properties of the
samples were common. There were many different points that candidates could make by way of
conclusions about the gases and their samples, and stronger candidates frequently achieved full
credit.

Question 5

(a) A large number of candidates thought that the resultant force on the sphere was horizontal rather
than perpendicular to the string.

(b) (i)  This question was generally well answered, with most candidates correctly deducing the amplitude
from the graph.

(ii)  This question was also generally well answered. Some of the weaker candidates were confused
between angular frequency and frequency.

(iii) Candidates that knew the syllabus equation for the energy of the oscillations were usually able to
use their values in (b)(i) and (b)(ii) to calculate the energy correctly.

9702_w24_qp_42_qu_003 ER



9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2024 

 

© Cambridge University Press & Assessment 2024 Page 7 of 15  
 

Question Answer Marks 

2(a) (thermal) energy per unit mass (to change temperature) B1 

(thermal) energy per unit change in temperature B1 

2(b)(i) Any three bulleted points from: 
 

• the blocks end up in thermal equilibrium 

• heat capacity of Y is larger than heat capacity of X 

• no heat loss to the surroundings 
 
Up to 2 points from these six: 

• initial temperature of X = 85 °C 

• initial temperature of Y = 25 °C 

• the temperature change of X = 45 °C 

• the temperature change of Y = 15 °C 

• the temperature change in X is three times that in Y 

• final temperature of both = 40 °C 

B3 

2(b)(ii)  = 45 °C for X and 15 °C for Y C1 

mc  45 = 1.3  m  901  15 C1 

c = 390 J kg K–1 A1 
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Question Answer Marks 

2(a) (if in thermal contact) no net transfer of (thermal) energy (between them) B1 

2(b)(i) pV = nRT C1 

T = (1.20  105  0.0260) / (0.740  8.31) 
 
     ( = 507 K) 

M1 

temperature = 507 � 273 = 234 °C A1 

2(b)(ii) thermal equilibrium so temperatures (of X and Y) are equal B1 

pV = NkT C1 

N = (2.90  105  0.0430) / (1.38  10�23  507) 
 

 = 1.78  1024 

A1 

2(b)(iii)  (molecular) kinetic energy is proportional to temperature 
 or 
 kinetic energy (of molecules) is same in both cylinders 
 

 kinetic energy proportional to mass  mean-square speed 
 or 

 temperature proportional to mass  mean-square speed 
 or 
 r.m.s. speed proportional to √(temperature / mass) 
 

 mean-square speed inversely proportional to mass 
 or 
 r.m.s. speed inversely proportional to √(mass) 
 
Any two bulleted points, 1 mark each 

B2 

r.m.s. speed (of molecules) in X is half r.m.s. speed (of molecules) in Y B1 
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Comments on specific questions 
 
Question 1 
 
(a)  The definition of the radian was well known by many candidates. It was important to note that this 

question asked for the definition of the unit, not the definition of the quantity ‘angle’ in radians. 
 
(b) (i) Most candidates knew the general direction for the linear velocity of the modelling clay at the 

position shown, and examiners allowed a reasonable range for the precise direction in which the 
arrow was drawn. Some candidates did not take sufficient care to ensure that the direction was 
tangential to the circle at that point, and others drew curved arrows (implying that the velocity at 
that point has multiple directions). 

 
 (ii) Most candidates realised that the acceleration is centripetal and drew the arrow accordingly. 
 
(c) (i) Most candidates used the correct starting equation, but only a minority correctly worked out the 

radius of the circle described by the modelling clay. 
 
 (ii) Many candidates were able to achieve full credit on this question, either by arriving at the correct 

answer or by the principle of error carried forward. 
 
(d)  The stronger candidates generally answered this question correctly, whereas weaker candidates 

largely appeared to guess. 
 
Question 2 
 
(a)  There was a widespread misunderstanding that thermal equilibrium results in no transfer of thermal 

energy at all between the two objects. Candidates who realised that the rate of transfer of energy 
between them is constant, and so there is no net transfer between them, were awarded credit. 

 
(b) (i) Very many candidates achieved full credit in this question. As always with a ‘show that’ question, 

marks are not awarded for getting to the answer, but for showing the working that leads to the 
answer. The common reasons for credit not being awarded were not showing the full substitution 
into pV = nRT or not showing the final subtraction of 273 to convert the temperature from kelvin to 
degrees Celsius. 

 
 (ii) Most candidates were awarded credit for the correct starting equation, but some did not realise that 

the precision of the data provided in the question demanded a three significant figure answer. 
Others neglected the ‘explain your reasoning’ aspect of the question, and did not explain that the 
temperatures of the two gases are equal as a consequence of their being in thermal equilibrium. 

 
 (iii) Many candidates achieved at least partial credit, and many of the strongest candidates were 

awarded full credit. Among weaker candidates there was considerable confusion between r.m.s. 
speed and mean-square speed. 

 
Question 3 
 
(a)  The definition of internal energy was generally well known, although many of the weaker 

candidates confused the definition of internal energy with the first law of thermodynamics as a 
means of describing how the internal energy of an object may be changed. 

 
(b)  In both parts of this question, candidates were expected to explain how the change in temperature 

affected molecular kinetic energy and how the change in molecular separation affected molecular 
potential energy. Having deduced the changes (or lack of changes) in those two energies, they 
were then expected to relate the overall change in internal energy to them. 

 
  These extended writing questions proved to be a good test of understanding of physics and the 

ability to articulate physics. Many of the stronger candidates were awarded full or almost full credit. 
For all candidates, a significant problem was not reading the question carefully enough, and 
therefore not answering it. Many candidates ignored the instruction to discuss the molecular kinetic 
and potential energies, and instead gave arguments based on the first law of thermodynamics. 

 

9702_s24_qp_42_qu_002 ER



9702/41 Cambridge International AS & A Level � Mark Scheme 
PUBLISHED 

May/June 2024 

 

© Cambridge University Press & Assessment 2024 Page 7 of 15 
 

Question Answer Marks 

2(a)(i) 0 K B1 

2(a)(ii) (measurement) depends on properties of the liquid B1 

2(b)(i)  resistivity varies with temperature 

 variation with temperature is linear 

 unique value of resistivity for each (different value of) temperature 
Any two points, 1 mark each 

B2 

2(b)(ii) thermometer has high heat capacity/specific heat capacity 
or 
energy transfer needed for thermometer to reach correct temperature 
or 
thermometer takes time to reach the correct temperature 

B1 

2(b)(iii) thermocouple B1 

2(c) (variation is) inverse 
or 
(variation is) non-linear 

B1 
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Comments on specific questions 
 
Question 1 
 
(a)  Most candidates understood that the definition involved work done moving a mass from infinity, but 

fewer candidates appreciated that gravitational potential equated to the work done per unit mass 
(or the equivalent ratio). 

 
(b) (i) The reference point of zero potential at infinity was well understood. Candidates often did not refer 

to what was doing the work to bring the masses closer together. Any reference made to work being 
done usually referred to only the satellite rather than both masses. 

 
 (ii) A significant number of candidates were unable to gain credit because they did not give answers in 

terms of . Those candidates who also appreciated that the expression for  should be negative 
could receive full credit. 

 
 (iii) Stronger candidates were able to achieve full credit in this question, and many weaker candidates 

were also awarded credit by the principle of error carried forward. 
 
Question 2 
 
(a) (i) There were a number of different misunderstandings shown of absolute zero on the 

thermodynamic scale. These included values of ± 273 K, temperatures in Celsius and the wrong 
inclusion of the degree symbol (°K rather than K). This indicates that candidates would benefit from 
further study of the thermodynamic scale of temperature. 

 
 (ii) Stronger candidates appreciated that a temperature measurement using a liquid-in-glass 

thermometer depends on a physical property of the liquid, whereas the thermodynamic scale is 
based on the properties of an ideal gas. 

 
(b) (i) Where candidates referred to the quantities of resistivity and temperature in their explanation, they 

were more likely to be awarded credit. Simply describing the graph as a straight line did not provide 
an explanation. 

 
 (ii) In many cases it was not possible to identify whether a candidate thought there was (wrongly) a 

delay in the change of the resistance or (correctly) a delay in the thermometer reaching thermal 
equilibrium with the outside temperature. There were some good answers that referred to the 
delaying effect of the glass tube and the air inside it on the heat transfer to the platinum. Weaker 
answers wrongly focused on possible detrimental effects of extreme temperatures rather than rapid 
changes in temperature. 

 
 (iii) The limitations in using a liquid-in-glass thermometer for measuring rapid temperature changes 

were not understood by many candidates. 
 
(c)  Many candidates understood the difference in temperature variation between the two types of 

thermometers listed in this question. 
 
Question 3 
 
(a) (i) The majority of candidates were able to achieve full credit. Where this was not possible, the ideal 

gas relationship between p, V and T was usually given correctly in one form or another, but the 
symbol T was not identified as the thermodynamic temperature. Occasionally an inappropriate 
physical constraint such as standard conditions was included. 

 
 (ii) The majority of the candidates identified both the assumption of no intermolecular forces and the 

implication of zero potential energy. The inclusion of a second basic assumption of the kinetic 
theory sometimes negated a correct answer regarding the intermolecular forces. 

 
(b) (i) Many candidates gained full credit for this calculation. 
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Question Answer Marks 

2(a) total kinetic energy associated with random motion of molecules M1 

 plus total potential energy (of molecules) but potential energy is zero A1 

2(b)(i) W = pV C1 

  = 1.01  105  5.20  10–5  
 = (+)5.25 J 

A1 

2(b)(ii) V  T or V / T = constant C1 

 1.24 / (273 + 20) = (1.24 + 0.520) / T 
 
T = 416 K 

A1 

2(b)(iii) c = Q / mT C1 

  = 960 / (0.016  (416 – 293)) 
 = 490 J kg–1 K–1 

A1 

2(c) no change in volume so no work is done (by the gas) B1 

 (same temperature change so) same change in internal energy B1 

 less thermal energy needs to be supplied so c is less B1 

   

Question Answer Marks 

3(a) E = ½ m2xo2 C1 

 2.2  10–4 = ½  24  10–3  (14  10–3 / 4)2  2 C1 

  = 39 rad s–1 A1 
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Question Answer Marks 

2(a) (thermal) energy per unit mass (to change temperature) B1 

 (thermal) energy per unit change in temperature B1 

2(b)(i) work done = pV 
 

 = (2.0  105)  (0.063 – 0.038) = 5000 J 

A1 

2(b)(ii) gas is expanding (against external pressure) B1 

 gas does work / work is done by gas, so (work done on gas is) negative B1 

2(b)(iii) U = q + W C1 

 7600 = q + (–5000) 
 
q = 12 600 J 

A1 

2(b)(iv) specific heat capacity = q / mT 
 

   = 12600 / (0.35  56) 

C1 

    = 640 J kg–1 K–1 A1 

2(c) same gain in internal energy so same temperature rise B1 

 no change in volume so no work done  
or 
no work done so less thermal energy needed (for same change in internal energy) 

B1 

 less thermal energy needed (for same temperature change) so lower specific heat capacity B1 
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Question Answer Marks 

3(a) no net thermal energy is transferred (between them) B1 

3(b)(i) variation (of density with temperature) is linear 
or 
each temperature has a unique value of density 

B1 

3(b)(ii)  variation (of density with temperature) is not linear 

 region where the density does not vary with temperature 

 different temperatures have the same density 
Any two points, 1 mark each 

B2 

3(c)(i) boiling point = 80 °C  A1 

3(c)(ii) Q = Pt  and  t = 21 s 
 

(thermal energy supplied = 810  21 = 17000 J) 

C1 

 c = Q / m C1 

 thermal energy absorbed by beaker = 42  0.84  (80 � 25) 
 
                                                        ( = 1940 J) 

C1 

 s.h.c. of liquid = [(810  21) � (42  0.84  (80 � 25))] / [120  (80 � 25)] 
 
  = 2.3 J g�1 K�1 

A1 

3(d) sketch: straight diagonal line from 25 °C to 100 °C and then horizontal at 100 °C B1 

 straight diagonal line starting at 25 °C with gradient approximately half that of the original line B1 
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(c) (i) Many candidates tried to apply the equations of circular motion here. Only the strongest candidates 
used F = ma and the horizontal component of the tension as F as necessary. 

 
 (ii) Candidates were more successful here, with many gaining credit. The use of circular motion 

equations, which many had unsuccessfully tried in (c)(i), was necessary here. 
 
Question 3 
 
(a) Candidates found it difficult to demonstrate a good understanding of thermal equilibrium. The idea 

that thermal energy would still transfer between the two objects, but that the resultant or net 
transfer was zero, was often not known. This was seen through the omission of the word ‘net’. In 
addition, some candidates did not clarify that the relevant energy was thermal energy. 

 
(b)  Candidates needed to refer to the information provided in the graphs. It was common for 

candidates to refer to the linearity of the relationship, or lack of linearity. Some candidates, 
however, stated that the relationship between density and temperature for mercury was 
proportional, which is incorrect. A small number of candidates correctly referred to state changes, 
but the evaporation of water was not appropriate here. 

 
(c) (i) The majority of candidates correctly stated the boiling temperature of the liquid. 
 
 (ii) This calculation proved to be challenging. Many candidates ignored the energy required to raise 

the temperature of the beaker. A large number of candidates who included the beaker began with 
the incorrect statement that the energy gained by the beaker was equal to the energy gained by the 
water. Some candidates calculated the change in temperature correctly as 55 °C but then 
converted this change into kelvin as if it were a Celsius temperature.  This is incorrect physics. 

 
(d) The general shape of the line was correct for most candidates here. Some details were often 

incorrect, including the approximate gradient of the first part of the line and starting the line from the 
same temperature. 

 
Question 4 
 
(a) The basic assumptions of the kinetic theory of gases are generally well known. Candidates 

sometimes referred to the volume of the gas rather than the volume of the particles. Others 
incorrectly referred to the volume of a single particle. 

 
(b) (i)  Most candidates started with the correct equation here. Some candidates then did not go on to use 

the conditions given in the question which included a pressure of 2p when the volume was V. 
Some candidates did not rearrange the starting equation to make T the subject when they had 
been asked to determine an expression for T. 

 
 (ii) There were many correct responses here, although the line drawn to join Z to X was often a 

straight line rather than a curve. Some candidates drew more than two dots and some did not add 
the lines. The lines were needed to show the variation of the pressure with the volume as required 
by the question. 

 
 (iii) Only the strongest candidates correctly completed this table in full. Many candidates found it 

difficult to correctly apply the first law of thermodynamics for the three changes. They often did not 
know where to begin on the table, which was by filling in the information for changes already given 
to them. The information for the remaining changes was deduced from these. Finally, some 
candidates used letters that were not appropriate, for example a Q to denote thermal energy and a 
single letter p, which was not an energy. 
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Question Answer Marks 

1(c) similarity – any one point from 

• inversely proportional to distance (from point) 

• points of equal potential lie on concentric spheres 

• zero at infinite distance 

B1 

 difference – any one point from 

• gravitational potential is (always) negative  

• electric potential can be positive or negative 

B1 

   

Question Answer Marks 

2(a) gas for which pV  T M1 

 where T is thermodynamic temperature A1 

2(b)(i) evidence of two temperature conversions between C and K B1 

 two calculations shown, one for each state e.g. 
 

( )
−  

+

5 61.10 10 540 10

273 27
 = 0.198  and  

( )
−  

+

6 66.70 10 30 10

273 742
 = 0.198  

A1 

2(b)(ii) work is done on the gas  M1 

 internal energy increases (so temperature increases)  A1 

9702/42 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

February/March 2023 

 

© UCLES 2023 Page 7 of 18  
 

Question Answer Marks 

1(c) similarity – any one point from 

• inversely proportional to distance (from point) 

• points of equal potential lie on concentric spheres 

• zero at infinite distance 

B1 

 difference – any one point from 

• gravitational potential is (always) negative  

• electric potential can be positive or negative 

B1 

   

Question Answer Marks 

2(a) gas for which pV  T M1 

 where T is thermodynamic temperature A1 

2(b)(i) evidence of two temperature conversions between C and K B1 

 two calculations shown, one for each state e.g. 
 

( )
−  

+

5 61.10 10 540 10

273 27
 = 0.198  and  

( )
−  

+

6 66.70 10 30 10

273 742
 = 0.198  

A1 

2(b)(ii) work is done on the gas  M1 

 internal energy increases (so temperature increases)  A1 
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Question Answer Marks 

2(b)(iii) pV = NkT e.g. 
 

N = 
−

−

  
 

5 6

23

1.10 10 540 10

1.38 10 300
 

 

 = 1.435  1022 

 

Ek = (3 / 2) kTN 

C1 

 
 = (3 / 2)  1.38  1023  (742 – 27)  

−

−

  
 

5 6

23

1.10 10 540 10

1.38 10 300
 

C1 

  = 212 J A1 

2(c) E = mc   and   E = mL C1 

  = (27 + 196) or 223 C1 

 E = 0.0240  1.04  (27 + 196) + 0.0240  199 
 
 = 10.3 kJ 

A1 
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Paper 9702/42 
A Level Structured Questions 

 
 
Key messages 
 
Candidates should always be guided by the number of significant figures in the data in the question when 
quoting the answer to calculations. In this paper, three significant figures were required several times. In a 
multistage calculation candidates need to work to at least one more significant figure than the data, so 
intermediary calculated values needed to have at least 4 significant figures in these questions. 
 
Candidates should always think about the sign of an answer. For example, an electron energy level value 
must be negative. 
 
 
General comments 
 
In general terms, working was nearly always shown, which is encouraging, but candidates should try to 
present calculations logically, rather than scattering ideas around the page.  
 
In ‘Show that’ calculations candidates should show every step in their working very clearly and also 
substitute in all numerical values, including constants. In 10(c)(i) the numerical value for ‘c’ was expected, 
and not to be left as the symbol. 
 
 
Comments on specific questions 
 
Question 1 
 
(a)  A good number of correct definitions were seen. However, some candidates used the phrase ‘work 

done to move unit mass from infinity’. The idea of ‘per unit mass’ is vital and coveys the division 
required.  

 
There was an error in Fig. 1.1, with the gravitational potential φ axis plotted as positive numbers 
instead of negative numbers. This has been corrected in the published version of the paper. Please 
note that due to this issue with the question full marks have been awarded to all candidates for 
question 1(b) and (c) to make sure that no candidates were disadvantaged. 

 
Question 2 
 
(a)  There was much confusion here between the definition of an ideal gas and the assumptions of the 

kinetic theory. The stronger candidates defined the symbols, including ‘thermodynamic 
temperature’ for T. 

  
(b) (i) Most candidates were able to use the provided data to show that the helium gas was behaving as 

an ideal gas. A few candidates omitted the conversion from temperature in degrees Celsius to 
kelvin.  

 
 (ii) Many candidates gave answers that confused internal and thermal energy, and whether the gas is 

doing work or having work done on it. Many candidates regarded the internal energy and the 
change in internal energy as the same thing. For example, comments such as ‘∆U increases’ were 
common, where the correct comment would have been either ‘U increases’ or ‘∆U is positive’. 
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 (iii) Most candidates calculated the change in kinetic energy for a single molecule, rather than the 
change in the total kinetic energy of the molecules of the gas. A few who completed the correct 
calculation did not write the final answer to the expected 3 significant figures because the data was 
given to 3 significant figures. A few candidates incorrectly added 273 to the temperature change. 

 
(c)  Most candidates were able to set up this calculation. However, many candidates then made an 

error with significant figures or subtracting the two energies calculated, rather than adding them. 
Candidates were confused by the final negative temperature and the removal of thermal energy. 

 
Question 3 
 
(a)  Most candidates correctly identified line P as the total energy of the oscillations. Many identified Q 

and R correctly as well, but some reversed the energy types. A few qualified the type of potential 
energy, such as elastic potential energy, but this was incorrect as there are changes in both elastic 
and gravitational potential energy. 

 
(b)  There were a good number of correct answers here. However, many candidates incorrectly 

decided that a one significant figure answer was appropriate. Candidates are reminded of the 
general advice that they should base the number of significant figures to which they present their 
answer on the precision of the data in the question. 

 
(c) (i) Most candidates were able to give the cause of damping. 
 
 (ii) This calculation proved to be challenging. Common errors were to use 6 × 8% of the 6.4 mJ, to use 

0.086 or to omit the subtraction from the total energy when using the correct energy fraction. 
 
 (iii) Many candidates were able to identify the type of damping as light but were unable to give a 

convincing reason for this conclusion. The fact that energy is lost slowly and that it takes time to 
return to equilibrium is just as true for heavy damping as it is for light damping, and candidates 
needed to give a clear indication that the continuation of the oscillations is the basis for the 
conclusion. 

 
Question 4 
 
(a)  The majority of candidates were able to correctly state Coulomb’s law. A small proportion omitted 

the squaring of the separation or used indirectly in place of inversely in the relationship. Indirectly 
covers a range of relationships, but only inverse square is correct here. 

 
(b) (i) Candidates struggled with this force diagram. Some did not include all the forces, some added 

quantities that were not forces. Finally, the direction of the correct forces was sometimes incorrect 
– the electrostatic repulsion was drawn perpendicular to the string and the weight was drawn 
parallel to the string. 

 
 (ii) This multistage calculation proved to be challenging to most candidates. Many candidates were 

able to determine the magnitude of the electrostatic force. However, only the strongest candidates 
were able to resolve forces and apply the equilibrium conditions. 

 
 (iii) This calculation of potential energy was correctly carried out by most candidates. Some incorrectly 

squared the separation, and a few halved the separation.  
 
(c) (i) The direction of the force was correctly stated by many candidates but there was a range of 

incorrect responses including downwards, to the right and to the left. 
 
 (ii) The stronger candidates were able to combine the two necessary formulae. However, a significant 

number used the incorrect expression F = V / d. 
 
 (iii) Many candidates appear to think that magnetic fields are the only type of field that can give rise to 

circular motion.  Some candidates stated that there is no centripetal force, but only the stronger 
candidates were able to articulate the reason why there was no circular motion.  
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Question Answer Marks 

2(a) (thermal) energy per unit mass (to cause temperature change) B1 

 (thermal) energy per unit change in temperature B1 

2(b)(i) work done correct (0) B1 

 increase in internal energy correct (+E) B1 

2(b)(ii) work done correct (–W) and increase in internal energy same as (b)(i) B1 

 thermal energy correct so that it adds to work done to give increase in internal energy B1 

2(c) more thermal energy needed so specific heat capacity is greater B1 
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Comments on specific questions 
 
Question 1 
 
(a) Only a minority of candidates knew the syllabus ‘bookwork’ that defines gravitational field as force 

per unit mass. Many candidates did not give the definition of a quantity but instead answered a 
different question, asking what is meant by the concept of a gravitational field. As this was such a 
common misunderstanding of the question, the Examiners did award credit on this occasion for 
responses that answered the latter question. However, teachers should be aware that candidates 
are expected to know the syllabus definition that gravitational field is a vector quantity, given by the 
force per unit mass on an object.  Conversely, gravitational field strength is a scalar quantity 
representing the magnitude of that gravitational field. 

 
(b) (i) This question was generally well answered, and most candidates knew that the gravitational field 

pattern around a spherical planet is radial and directed towards the centre of the planet. 
 
 (ii) This is a good example of a question that candidates need to read carefully to understand what 

was being asked. Most responses seen were recalled from previous mark schemes relating to past 
questions that were similar but not the same. This question asked candidates to make reference to 
their answer in (b)(i). This meant that responses needed to make clear the relevance of the radial 
field pattern to the motion of the satellite. For full credit, responses needed to consider the direction 
of the gravitational field, the force this caused on the satellite and the orientation of this force 
relative to the velocity of the satellite. Most responses seen omitted most of the connections 
between quantities, and as a consequence it was not a question that was answered well. 

 
(c) (i) This question was generally well answered by candidates who knew that the period of the circular 

motion of an object at the Equator is 24 hours. Candidates who did not use this as a starting point 
tended to treat the object at the Equator as a satellite in orbit and were, therefore, unable to be 
awarded credit. 

 
 (ii) Only the most able candidates had an understanding that the two forces acting on the object are 

the weight of the object downwards and the normal contact force upwards from the Earth’s surface. 
Even some of those who did get this far often had those two forces being equal to each other, 
leading to a centripetal acceleration of zero. The strongest candidates realised that the contact 
force is slightly less than the weight, leading to a resultant force towards the centre of the Earth that 
gives rise to the centripetal acceleration. A large number of weaker candidates again treated the 
object as a satellite in orbit, and responses that gave the centripetal force as one of the two forces 
acting (as opposed to understanding this as the resultant force) were very common. 

 
Question 2 
 
(a) Many candidates found it difficult to give definitions that were dimensionally correct, often giving 

definitions of a quantity that was an energy rather than an energy per unit mass per unit 
temperature change. Confusion between quantities and units was another common problem for 
candidates in answering this question. 

 
(b) Many candidates attempted to give answers that were in terms of different letters from the ones 

defined in the question. In (i), candidates were expected to realise that the work done is zero when 
there is no net change in volume, and then to apply the first law correctly. In (ii), they were 
expected to realise that the work done on the system is negative W, and then again to apply the 
first law correctly to an increase in internal energy that was the same as that in (i). 

 
(c) It was expected that candidates would explain that the second temperature increase required a 

larger amount of thermal energy to produce the same temperature rise, hence leading to a greater 
specific heat capacity. There was much confusion between thermal energy and internal energy, 
and the question was not answered well other than by the strongest candidates. 

 
Question 3 
 
(a) The meanings of the terms in the equation were generally well known. Common errors were 

confusion between number of molecules and amount of substance for N, and not being clear that T 
is thermodynamic temperature. 
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Question Answer Marks 

2(a) • resistance of a metal 

• volume of a gas at constant pressure 

• e.m.f. of a thermocouple 
Any two points, 1 mark each 

B2 

2(b)(i) Q = mcT C1 

evidence of realisation that Q lost by water = Q gained by mercury C1 

18.7  4.18  (37.4 – T) = 6.94  0.140  (T – 23.0) C1 

T = 37.2 °C A1 

2(b)(ii) use a liquid with a lower (specific) heat capacity (than mercury) 
or 
use a smaller mass of mercury 

B1 

2(c)(i) depends on properties of a real substance B1 

0 °C is not absolute zero B1 

2(c)(ii) ideal gas B1 
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Comments on specific questions 
 
Question 1 
 
(a) Most candidates had little difficulty in stating the correct formula and in naming the gravitational 

constant G. 
 
(b) A significant number of candidates were able to show the required relationship. However, many 

candidates did not explain their reasoning by writing that the gravitational force provides the 
centripetal force. A few candidates made algebraic errors and the π was sometimes not squared. 

 
(c) (i) This calculation was completed well by many candidates. Some candidates did not convert 

correctly from 24 hours into seconds, and some did not square the period. 
 
 (ii) Most candidates were able to state two further conditions for the orbit of a satellite to be 

geostationary. 
 
Question 2 
 
(a) Many candidates did not understand this question, and gave answers that related to a liquid-in-

glass thermometer. Of those who did understand the question, it was common for example to see 
‘resistance’ as an answer without an explanation of what resistance was measured. 

 
(b) (i) This was a complicated calculation, but there were many correct answers. Some candidates were 

not able to use the data correctly and some used temperatures in place of temperature changes. 
Some candidates made the calculation more complicated than necessary by converting the 
temperatures into kelvin. 

 
 (ii) The point of this question was that the operation of the thermometer leads to an inaccurate reading 

for the temperature. Candidates did not seem to realise this and almost all suggested changes to 
improve the precision of the thermometer rather than its accuracy. 

 
(c) (i) This question proved to be challenging.  Many candidates were awarded partial credit for realising 

that the thermometer measured in °C rather than in K. 
 
 (ii) Many candidates answered correctly and realised that the substance is an ideal gas. 
 
Question 3 
 
(a) Most candidates were able to state the defining equation for simple harmonic motion. Some 

candidates were insufficiently precise and described x only as displacement, rather than 
displacement from the equilibrium position. 

 
(b) (i) The majority of the candidates correctly determined the amplitude of the oscillations from the 

graphs. 
 
 (ii) The majority of the candidates showed how to reach the angular frequency of the oscillations. 
 
 (iii) There were many correct answers here. The most common misconception was to consider 

gravitational potential energy alone to find the mass of the object. This ignored the potential energy 
changes in the spring. Use of the equation for the total energy of simple harmonic oscillations 
E = ½Mω2x02 was the most reliable approach here. 

 
(c) (i) Most candidates gained full credit for stating what is meant by damping. 
 
 (ii) Many candidates drew the correct graph here. Some only changed one out of the velocity and the 

displacement (whereas both will be affected by the presence of damping). Some drew shapes that 
appeared to be unrelated to the original ellipse provided. 
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